



the	 perineal	 area,	 caudal	 udder	 and	 upper	 hind	
limbs	(Skarda	and	Tranquilli,	2007;	Khajuria	et al., 
2014).	In	small	ruminants,	the	lumbosacral	space	
is	 most	 commonly	 used	 in	 lateral	 recombency	




usually	 required	before	 the	 site	 is	 injected	using	
a	 sterile	 18G,	 3.25cm	 long	 hypodermic	 needle	
(Lemke	 and	 Dawson,	 2000).	 The	 needle	 must	
be	 inserted	 through	 the	 skin	 in	 an	 angle	 and	
directed	 toward	 the	 base	 of	 the	 tail	 (Lemke	 and	
Dawson,	 2000).	Needle	 placement	 in	 the	 correct	
site	 is	 usually	 checked	 using	 the	 hanging	 drop	
technique.	 Insertion	 of	 the	 needle	 further	 may	
lead	 to	 penetration	 of	 the	 spinal	 canal	 with	 a	
sudden	 jerky	movement	of	 the	animal	 indicating	
incorrect	 placement	 of	 the	 needle	 (Lemke	 and	
Dawson,	 2000).	 Once	 the	 needle	 is	 correctly	
placed	 in	 the	 epidural	 space,	 the	 anesthetic	 is	
injected	slowly.	The	anatomic	extent	of	analgesia	
obtained	 following	 epidural	 injections	 is	 usually	
determined	by	 the	volume	of	 injected	drugs	 and	
position	of	the	animal	during	the	procedure	(Lucky	
et al.,	2007).	Higher	volumes	and	tilting	the	animal	
cranially	 will	 extend	 the	 analgesic	 effect	 toward	
the	 flank	 region	 in	 recumbent	 animals	 (Lucky	et 
al.,	 2007).	 For	 surgeries	 of	 the	 perineal	 region,	
smaller	volumes	are	usually	required.	










This	study	was	carried	out	 to	 review	the	current	 literature	concerning	recent	advances	 in	 the	 techniques,	
drugs	and	drug	combinations	used	to	induce	epidural	analgesia	in	sheep	and	goats.	Data	bases	such	as	PubMed,	
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Research question
Lidocaine	(2%)	with	and	without	epinephrine	
alone	 or	 in	 combination	with	 other	 drugs	 is	 the	
most	commonly	used	local	anesthetic	in	sheep	and	
goats	 to	 induce	 epidural	 analgesia	 (Lucky	 et al., 
2007;	Bigham	et al.,	2009;	Khajuria	et al.,	2014).	
However,	 in	 recent	 literature,	 there	 have	 been	
several	 research	articles	evaluating	 the	analgesic	
effects	 of	 other	 drugs	 and	 drug	 combinations	
with	 variable	 successful	 results.	 There	 are	 no	
systematic	review	articles	in	the	current	literature	
that	 summarize	 published	 findings	 regarding	
epidural	analgesia	in	sheep	and	goats.	Therefore,	
the	objectives	of	this	article	were	to	systematically	
review	 the	 current	 literature	 concerning	 recent	
advances	 in	 the	 techniques,	 drugs	 and	 drug	
combinations	used	to	induce	epidural	analgesia	in	
sheep	and	goats.	
Data	 bases	 such	 as	 PubMed,	 Scopus,	 and	
Google	 Scholar	 were	 used	 in	 this	 review.	 Key	
words	used	were	small	ruminant	anesthesia,	local	
anesthesia	 in	 ruminants,	 and	 epidural	 analgesia	
in	 sheep	 and	 goats.	 Only	 articles	 published	
between	 2007	 and	 2016	 were	 considered.	 In	
addition,	relevant	references	in	the	bibliographies	
of	chosen	articles	were	also	retrieved	for	review.	
Only	 research	 article	 using	 epidural	 injection	
of	 drugs	 were	 included.	 Data	 regarding	 the	
technique	 of	 epidural	 administration,	 drugs	 and	






nals	 between	 2007	 and	 2016	 that	 fitted	 the	 cri-
teria	set	 forth	 for	review.	The	 lumbosacral	 space	
was	used	in	13	and	the	first	intercoccygeal	space	




methadone,	 and	 morphine	 (Table	 1).	 Combina-
tions	 of	 drugs	 in	 sheep	were	 lidocaine-epineph-
rine,	 lidocaine-xylazine,	 lidocaine-bupivacaine,	
ketamine-magnesium	 sulphate,	 lidocaine-tram-
adol,	 lidocaine-magensium	 sulphate,	 and	 bupiv-
acaine-methadone.
In	 goats,	 the	 most	 common	 drugs	 were	 2%	
lidocaine,	 bupivacaine,	 ropivacaine,	 magnesium	
sulphate,	and	tramadol	(Table	2).	Combinations	of	
drugs	in	goats	were	lodocaine-tramadol,	lidocaine-
magnesium	 sulphate,	 xylazine-ketamine,	 and	
ropivacaine-xylazine.
Drugs used for epidural analgesia in 
sheep and goats
Lidocaine
Lidocaine	 is	 an	 acetamide	 local	 anesthetic.	
Local	anesthetics	act	by	blocking	signal	conduction	
by	altering	the	fast	voltage-gated	sodium	channels	
at	 the	 neuronal	 cell	 membrane	 (Lemke	 and	
Dawson,	 2000;	 Skarda	 and	 Tranquilli,	 2007).	
The	activity	of	 local	anesthetics	 is	not	specific	 to	
the	 sensory	 tracts	 and	 therefore,	 an	 undesired	
effect	 such	 as	motor	 block	 or	motor	 paralysis	 is	
a	common	side	effect	(Lemke	and	Dawson,	2000;	
Skarda	and	Tranquilli,	2007).	Because	of	its	short	
duration	 of	 action,	 supplemental	 analgesia	 using	
different	 drugs	 or	 re-administration	 of	 drugs	
during	 surgical	 operations	 is	 usually	 necessary	
(Lemke	and	Dawson	2000;	Skarda	and	Tranquilli,	
2007).	 Opioids	 and	 alpha-2	 adrenergic	 agonists	
are	commonly	used	in	combinations	with	lidocaine	
resulting	 in	 longer	 and	 adequate	 analgesia	






to	 lidocaine	 to	 prolong	 its	 duration	 of	 action	
(Rostami	and	Vesal,	2012).	
Bupivacaine
Bupivacaine	 is	 another	 amide	 type	 of	 local	
anesthetic.	 It	 is	 characterized	 clinically	 by	 a	






Ropivacaine,	 a	 long-acting	 amino-amine	
local	 anesthetic	 agent	 was	 used	 alone	 or	 in	
combinations	with	 other	 drugs	 in	 goats	 (Rayees	
et al.,	2011;	Khajuria	et al.,	2014a,b;	Kuthiala	and	
Choudhary,	 2011;	 Singh	 et al.,	 2015).	 The	 dose	
ranges	 between	 0.5	 to	 1	 mg/kg.	 Rayees	 et al., 
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Epidural	Analgesia	in	Sheep	and	Goats:	A	Review	of	Recent	Literature
Khajuria	 et al.,	 (2014a)	 compared	 two	 doses	 of	
ropivaciane	for	epidural	analgesia	in	goats;	a	high	
dose	 (1	mg/kg)	 and	 a	 low	dose	 (0.5	mg/kg).	He	
concluded	that	the	lower	dose	of	ropivacaine	did	
not	 produce	 adequate	 analgesia	 while	 using	 the	
higher	dose	satisfactory	regional	analgesia	lasting	
for	 an	 approximately	 60	 minutes	 was	 achieved.	
However,	 severe	 and	 prolonged	 motor	 loss	 may	
preclude	 its	 use	 in	 clinical	 practice.	 In	 another	
study,	 Khajuria	 et al.,	 (2014b)	 compared	 the	
effects	 of	 lignocaine	 (4	 mg/kg)	 and	 ropivacaine	
(1	 mg/kg)	 for	 epidural	 analgesia	 in	 goats.	 He	
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at	 the	 suggested	 dose	 rate	 for	 epidural	 in	 goats.	
In	 comparison	 with	 bupivaciane	 and	 xylazine	
epidural	 in	 goats,	 Singh	et al.,	 (2015)	 found	 that	




Following	 parenteral	 administration	 to	 ani-
mals,	magnesium	sulphate	exerts	an	antino	cicep-
tive	 effect	 (Sirvinskas	 and	 Laurinaitis,	 2002).	
The	 analgesic	 effects	 of	magnesium	sulphate	 are	
believed	to	be	due	its	calcium	antagonistic	effects	
and	also	due	to	its	antagonistic	effect	on	N-methyl-
d-aspartate	 (NMDA)	 receptors	 (Sirvinskas	 and	
Laurinaitis,	 2002).	 In	 sheep	 and	 goats,	 magne-
sium	 sulphate	 had	 been	 experimented	 at	 a	
dose	 rate	 of	 100	 mg	 to	 induce	 causal	 analgesia	
alone	 or	 in	 combination	with	 lidocaine	 (Bigham	
et al.,	 2009;	 Bigham	 and	 Shafiei,	 2008),	 and	
ketamine	 (DeRossi	 et al.,	 2012b).	 In	 sheep	 and	
goats,	 magnesium	 sulphate	 produced	 adequate	
analgesia	 of	 long	 duration	 for	 most	 obstetrical	
and	 surgical	 operations	without	 the	need	 for	 re-
administration	 of	 the	 anesthetic	 agent	 (Bigham	
and	Shafiei,	2008;	Bigham	et al.,	2009).	In	sheep,	
the	 co-administration	 of	 magnesium	 sulphate	
BANI	ISMAIL
Tab. 2.		Drugs	and	drug	combinations	used	to	induce	epidural	analgesia	in	goats
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with	ketamine	produced	analgesia	 that	extended	
cranially	 to	 the	 regions	 of	 the	 dorsocaudal	 ribs,	
upper	 and	 lower	 flanks,	 upper	 hind	 limbs,	 and	
perineal	 and	 feet	 areas	 (DeRossi	 et al.,	 2012b).	
The	combination	however,	produced	severe	motor	
block	 and	 ataxia	 of	 the	 hind	 limbs	 while	 when	
magnesium	 sulphate	 was	 administered	 alone	 it	




antagonist.	 It	 specifically	 blocks	 the	 sodium	 ion	
channels	 in	the	spinal	cord.	It	also	interacts	with	
opioid,	monoaminergic	and	muscarinic	receptors	




(DeRossi	 et al.,	 2012b).	 The	 results	 showed	 that	
the	 combination	 is	 an	 effective	 and	 feasible	 and	
can	 be	 used	 safely	 in	 sheep.	 The	 only	 concern	
when	 ketamine	 is	 used	 however,	 either	 alone	 or	
in	 combinations	 is	 that	 it	 produces	moderate	 to	
severe	 ataxia	 and	 precautionary	 measures	 must	
be	taken	in	order	to	protect	the	animal.	Ketamine-
xylazine	 combination	 is	 commonly	used	 in	goats	
for	 epidural	 analgesia.	 In	 the	 study	 by	 Singh	 et 
al.,	 (2015),	 the	 combination	 produced	 analgesia	
of	 a	 greater	 extent	 and	 longer	 duration	 than	




Xylazine	 is	 an	 alpha-2	 agonist	 that	 produces	
its	 analgesic	 effect	 by	 stimulating	 the	 alpha-2	
adrenergic	 receptors	 in	 the	 dorsal	 horn	 of	 the	
spinal	cord	(Singh	et al.	2015).	In	sheep	and	goats,	
xylazine	 has	 been	 administered	 epidurally	 in	
combination	 with	 other	 drugs	 such	 as	 lidocaine	
(Rostami	 and	 Vesal,	 2012),	 ketamine	 (Singh	 et 
al.	 2015)	 and	 ropivaciane	 (Rayees	 et al.,	 2011).	
Xylazine	is	used	at	a	dose	rate	of	0.025	mg/kg	to	
0.5	 mg/kg	 of	 body	 weight.	 Usually,	 2%	 solution	
is	 used	 in	 small	 ruminants.	 In	 sheep,	 Rostami	
and	 Vesal,	 (2012)	 concluded	 that	 the	 epidural	
administration	of	 lidocaine-xylazine	combination	
provides	 an	 adequate	 surgical	 analgesia	 of	
good	 duration	 without	 any	 adverse	 effects.	 In	
goats,	 a	 combination	 between	 ropivacaine	 and	
xylazine	was	 evaluated	 as	 an	 epidural	 analgesic;	
combination	was	characterized	by	fast	onset	and	
long	 duration	 when	 compared	 with	 bupivacaine	
(Rayees	et al.,	2011).	In	addition,	it	was	concluded	
that	 ropivacaine-xylazine	 combination	 had	 a	
synergistic	analgesic	effect	(Rayees	et al.,	2011).	
Tramadol
Tramadol	 is	 a	 synthetic	 analogue	 of	 codeine	
(Dehkordi	et al.,	2012).	The	mechanism	of	action	
of	 tramadol	 is	 attributed	 to	 its	 interaction	 with	
opioid	μ	receptors	in	the	brain	and	spinal	cord.	It	
also	 modulates	 the	 mono-aminergic	 spinal	 pain	
by	 inhibiting	 the	 re-uptake	 of	 norepinephrine	
and	 serotonin	 (Dehkordi	 et al.,	 2012).	 Tramadol	
has	 been	 used	 for	 epidural	 analgesia	 in	 lambs	
and	in	goats	alone	and	in	combination	with	lido-
caine	 or	 lignocaine	 (Habibian	 et al.,	 2011;	 Ajadi	





lambs	 respectively.	 Tramadol	 produced	 a	 sig-
nificantly	 faster	and	 longer	duration	of	analgesia	
than	tramadol-lidocaine	combination	or	lidocaine	




















vascular	 and	 pulmonary	 depression	 (DeRossi	 et 
al.,	2012a,	DeRossi	et al.,	2015).	In	sheep,	metha-
done	 alone	 or	 in	 combination	 with	 bupivacaine	
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ranges.	 In	 addition,	 the	 degree	 of	 systemic	 seda-
tive	effects	and	motor	blockade	of	 the	hind	 limbs	









and	 practical	 analgesia	 techniques	 in	 sheep	 and	
goats	 for	surgical	 interventions	of	the	tail,	perine-
um,	caudal	udder	and	upper	hind	limbs.		In	another	







cle	 paralysis	 occurred	 and	 required	 appropriate	
management	(DeRossi	et al.,	2012a).
The	 lumbosacral	 intervertebral	 space	 is	 the	
most	 common	site	 for	epidural	 injection	of	anal-
gesic	drugs	in	sheep	and	goats.	The	most	common	
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